The masses of the yet undiscovered baryons containing single c or b quarks are estimated from the known masses using the following rules: equal distances in mass between the isomultiplets forming sextets, equal mass differences between the corresponding spin onehalf baryons containing c and b quarks, hyperfine splittings inversely proportional to the masses of the heavy quarks.
models (cf e.g. [12] ), lattice methods (cf e.g. [13] ) etc. This strongly suggests that the baryon spectrum is to a large extent defined by its general features common to most of the reasonable models. Finding the simple rules behind the models is of some interest. One can see, whether a model is really an improvement compared to the simpleminded version of the rules. One can also immediately distinguish the expected from the unexpected, when a new mass value is obtained from experiment.
In this note we try the following set of rules inspired by the heavy quark effective theory.
• The mass difference between any spin one-half b-baryon and the corresponding c-baryon is the same. Using the experimental masses of the baryons Λ b and Λ c we find for this difference δ 1 = (3.353 ± 0.016) GeV.
• The isomultiplets in the sextets are equidistant in mass. In the light decuplet the corresponding mass differences are
MeV. We expect a similar scatter of the differences -of a few MeV around an average -also for the sextets. Using the experimental masses of Σ c and Ω c we find for the mass difference between adjacent spin one-half isomultiplets from the sextets δ 2 = 0.127 1 GeV. An immediate consequence of this assumption is that the known Ξ Q particles are members of the antitriplets and not of the sextets.
• The hyperfine splittings i.e. the mass differences between the members of the spin one-half sextets and the corresponding members of the spin three-halves sextets depend only on the mass of the heavy quark Q and are inversely proportional to this mass. The second part of this assumption is a well-known leading term estimate from the heavy quark effective theory. Physically, it follows from the observation that the hyperfine splitting is proportional to the chromomagnetic moment of the heavy quark, which is inversely proportional to the mass of this quark. The first part is more model-dependent. For instance, Rosner [14] quotes a model, where the hyperfine splitting gets reduced by a factor of 0.84, when going from Σ b to Ξ ′ b and by a further factor of 0.81 when going from Ξ ′ b to Ω b . We have chosen equal splittings in order to keep the intervals between isomultiplets within the spin three-halves sextets equal. This choice is also supported by the data for mesons, where the hyperfine splittings for the D and D s mesons are equal within a small experimental error. For Q = c we find this splitting from the mass difference between the experimental mass of the Ξ * c and the interpolated mass of the Ξ ′ c :
This yields δ 3c = 0.063 GeV for Q = c. For Q = b we assume that the splitting is reduced by the ratio m c /m b , as suggested by the heavy quark approach. This factor can be estimated by a variety of methods, e.g. by comparing the hyperfine splittings for the B and D mesons. The result is about one third. Thus we put δ 3b = 0.021 GeV.
On the whole, we use the experimental masses of six particles deduced from the meson data to fix our parameters. As a check we can find three other particle masses, for which preliminary experimental data is available:
In order to eliminate the large uncertainty (±0.016 GeV) in the parameter δ 1 , we have introduced into the formulae for Q = b the mass of the baryon Λ b . Ignoring the theoretical uncertainties given above, our predictions deviate from the data by −2.0, −0.6, −4.4 standard deviations respectively. Since the data is preliminary, it is probably premature to draw conclusions from this comparison. Let us note, however, that if the experimental indication that the hyperfine splittings for Q = b and Q = c are similar were confirmed, this would be a serious difficulty for most present models.
The theoretical uncertainties have been estimated (very crudely!) as follows. The variations of hyperfine splittings quoted by Rosner [14] would increase the mass of Σ * c and decrease the mass of Ω * c by about 11 MeV each. This is believed to be an overestimate [14] , therefore, 10 MeV was taken as a conservative estimate of this uncertainty. The uncertainty for Σ b has been assumed to be comparable to the error on the mass of the B s meson obtained from the formula m Bs = m B + m Ds −m D . This is smaller than the experimental uncertainty of about 6 MeV in m Bs . Therefore, we guess an uncertainty of 5 MeV. For the Q = b, J = 3 2 baryons, besides the usual uncertainty for Q = b there is an additional uncertainty due to the uncertainty of the assumption of hyperfine splittings inversely proportional to the quark masses. This is large, since the preliminary DELPHI measurement of the Σ * b , Σ b splitting gives 56 MeV, while we expect 21 MeV. We guess the total uncertainty of our prediction to be about 20 MeV which, when combined with the experimental error in quadrature, reduces the deviation for Σ * b to about 1.8 standard deviation. For the yet undiscovered baryons our rules give:
The uncertainty for Ξ ′ c was estimated from the errors in the analogous predictions for the isomultiplets in the light decuplet: m Σ * = It is instructive to compare our results with another purely phenomenological (no explicit dynamics) set of predictions given by R. Roncaglia et al. [10] . For Q = c there is exact agreement for Ξ ′ c and Ω * c , while for Σ * c our prediction is lower by 4 MeV. For Q = b, putting in our formulae m Let us conclude with a few comments. A calculation of the baryon masses with an uncertainty of 10 MeV or less from first principles would be much more interesting than the phenomenological fits. For the moment, however, it is not yet in sight. The present approach is purely phenomenological, but it is very simple and the physical assumptions are transparent. When the experimental data for the heavy baryon masses become available, it will be interesting to see, how it compares with the more sophisticated approaches. The predictions are based on seven free parameters taken from experiment: the masses of Λ c , Ξ c , Ξ * c and Λ b and the parameters δ 2 , δ 3c , δ 3b defined in the text. The mass of Λ b may be traded for the parameter δ 1 . This number of free parameters is not outrageous. A typical quark model would have used four quark masses (assuming m u = m d ) and three parameters in the potential. The stated number of free parameters is somewhat a matter of taste. All the parameters are constrained. Moreover, some parameters may be presented as predictions of the theory. Suppose for example that our assumption that δ 3c = 3δ 3b works. It is inspired by (but not rigorously derived from) the heavy quark approach and supported by the experimental results for the hyperfine splittings in the mesonic sector, therefore, one could present it as a theoretical result and reduce by one the number of free parameters. In fact, assessing the number of free parameters in various models one has to be very careful about such "hidden parameters". The most risky assumption in our approach is the estimate of δ 3b , which contradicts the preliminary result for the mass of Σ * b . If this experimental result is confirmed, one will have to increase δ 3b i.e. to shift up by equal amounts the expected masses of Σ * b , Ξ * b and Ω * b . Then, however, a theoretical problem arises: why the pattern of hyperfine energy splittings for heavy baryons is so different from that for the mesons, or equivalently why the ratios of the hyperfine splittings in baryons to those in mesons increases from below 0.5 for Q = c to about 1.2 for Q = b? Let us repeat finally that our estimates of errors are very crude, based on uncertain analogies -though they are probably good enough to distinguish the more uncertain from the less uncertain predictions. To be sure, the theoretical errors quoted are understood as analogues of one standard deviation and not as maximum conceivable errors.
